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Attempt ALL the following questions and problems: 


• Clarify your answer with the suitable sketches as you can. 

• Assume any missed data reasonably. 

The First question 

1 The device shown in the figure is a practical form of magnet. It is cylindrical about a horizontal 

axis. The coil current carries a constant of 3 .0 A. if the mmf in the iron is neglected, 
a- Compute the flux densities, in tesla, between the working faces of the center core and the 
plunger for gaps g = 0.25, and 0.5 cm. 

b- Compute the corresponding values of the coil inductance at two air gaps, 
c- If the current increased from 3 A to 6 A compute the corresponding values of the coil 
inductance at two air gaps. 



2. For a magnetic circuit that contains of a part of permanent magnet material and an air-gap, show 

how the magnet and air-gap dimensions affect the operating point. 


The Second question 

1 . 

A 3-phase 16-pole, star connected, alternator has 192 slots with 8 conductors per slot and the 

conductors of each phase are connected in series. The coil span is 150 electrical. Find the phase 
and line induced emfs, if the flux per pole is 64 mWb sinusoidally distributed and the machine runs 
at 375 r/min. 

2. 

Explain the dot convention employed to determine the polarity of the mutually induced voltages. 

Then show how it can be determined experimentally. 

3. 

Both analytically and graphically, show that balanced three-phase windings excited by balanced 

three-phase currents produce a single rotating MMF wave. 


Please Turn Over 
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The Third question 

1. 

Determine the main dimensions, number of stator slots, number of turns per phase, and conductor 
cross section area of a 50 hp, 380 volt, 1450 r/min, 50 Hz, 3-phase induction motor star connected. 
Assume Specific magnetic loading = 0.5 tesla, specific electric loading -30000 A/m, efficiency 
).9 and power factor = 0.9. Winding factor = 0.955, current density = 3.5 A/mm and the ratio of 
core length to pole pitch is 1 .25. 

2. 

Using suitable clarifications of sufficient data, show the following: 

a) Solar cell characteristics 

b) Wind turbine characteristics 

c) Components of a photovoltaic generating system. 

d) A wind-energy-based generating system. 

The Fourth question 

1. 

With the aid of suitable mathematical relations, define what is meant by transformer and rotational 

indiiroH voltages. Then show with explanation what is the type of voltages induced in 

a) The secondary of a transformer. 

b) The stator of a synchronous machine. 

c) The rotor of an induction motor. 

2. 

fWinp pn-pnergy Then derive in details how it can be used to obtain the force developed in a 
singly-excited electromechanical energy translational converter 

3. 

An electromagnet of 5 cm 2 cross-section area and 1000 turns coil is used to control a relay. The 
magnet has an air gap length of x. Assume that the reluctance of the iron parts is negligible. It is 
required to develop a constant force of 50 N: 

a) For a range of x < 5 mm, plot the relation between x and both the required current and 
corresponding stored energy 

b) If the coil current has not to exceed 2 A, what is the range of x? 

The Fifth question 

1. 

For a doubly-excited electromechanical energy conversion device of cylindrical stator and salient- 
pole rotor: 

a) Sketch the space variation of self and mutual inductances. 

b) Derive a general expression for the electromagnetic torque acting on the rotor. 

c) Show all the possible electrical machines can be obtained. 

d) For zero rotor current, show how to obtain the energy converted into mechanical form 
when moved from a position to another. In vour answer: 

i. Derive ALL necessary relations. 

ii. Define the two positions for maximum mechanical energy. 

2 

A two-pole rotating electromechanical energy conversion device with double saliency is singly- 

exited via stator. The maximum and minimum stator winding self-inductances are 2 and 1 H 
respectively. The excitation current is sinusoidal of 50 Hz and 10 A (rms). Determine: 

a) Rotor speed that achieves non-zero average torque. 

b) An expression for average torque. 


Good Luck and best wishes Prof. Essam Eddin M. Rashad and Dr. Abdehvahab Hassan 
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(a) Use Lagrange polynomial to find one root of cosh x + x — 3 = 0 

( b ) Deduce the form of Newton's divided difference low where 

F[x, +1 , Xl ]=a± 3 _^ and F[x l+2 x l+1 .x,] = F : xi + 2,x t 4 'i] ~Pt x i+i' x ri 

x i+l - x i x l+2 - x l 

(c ) From the following table find 


X 

0 

0.5 

1 

1.5 

rr 

2.5 

3 

f(x) 

2 

2.7 

3.1 

5.2 

1 7.2 

1 9 

11 


(i ) Find f(0.21), f(l. 1) and f(2. 55) 

(using Newton's and Stirlling methods) 

(ii ) D 2 ,2 (Ricardson extrapolation) where D lf i =f '(1) . 

(iii) f'(0) , f '(0.1) , f '(3) and f "(1) 

Q (2) (25M) 

(a ) Deduce the recurrence form of Romberg algorithm 
4 m 1 

R n,m+1 ~ R n,m ~ j R n-l,m 

(b )Find an approximate value of / Q e x2 dx by using 

(i) Trapezoidal rule 

(ii) Simpson rule 

(iii) weddle method 

(iv) Find r 2 2 (Romberg extrapolation) 

(v) Gauss three-pionts 

Q (3) (25M) 

( a) Deduce the truncation error form of Euler method for solving 
y ' = f( x, y) , y(xo) = yo , < M , |^|| < K and use this form to find the 

truncation error for y' = y + e x , y(0) = 1 with exact solution y = e x + xe x and 
h=0.2 
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Ahsuw ALL tiH , /oItou)mjg questions: 

The first question: (10 marks) rr^.TThasc ^^ 11 ^ excited by 

r ~P\ Both analytically and graphically, show that balanced - 

balan ced thr e e-phase curre nts produce A 500 tum*« M - 2A z 

j 2 1 A system of t wo uoils on an ideal core is shown, in figure^ 1 — - 

1000 mmlgT " 2|; - jinm Calculate 



^ Thc self-inductance of coil 

The mutual i nductance between the tw o coil s 

The second question- (10 m arks ) 

For a doub le -exc ited electromechanical energy conversion device ol c y hndric^_st,uo r 43 ^ r<iu_r 

Sketch position variation af&It inductance $ 

; Derive 3 genera! expression Tot the electromagnetic t orque ac ting on the rotor, 

4: Show all the possible ele ctrical machines can beobtained 

The third question: (10 marks } __ 

4- Deline coenery 


^ y£ 

-» For 3 sm£ H ^exci ted translational electromechanical energy converter, derive a relation for 
the developed force in termsofeo^ngrgy 


~ With the aids nf rnng p; -flu\ linkage curves and assuming very slow motion, derive how to 
- determine energy converted into me chanical moti on from a certain position to another. Then 
find a rclati^Ttocal cuIatT the rnc chamca UftgL^ for iinc ^ r magnenc circuit" 1 

~i I ~An £ ecuofflagn*afJ cm : emst sccliun area and] (BO turns toil is ustd lo control a relay. 
* maerei ha* an air gap of & Assume that the reluctance of the iron parts i* 

For a range ofg&omjg ^m. « <* ^,rtd to develop a fixed force of 50 N 
As a fimetkm o f g. piol d« r ejuiKd^S-* 1 ” nore<! w wgy variations * 

Good Luck aad best wishes 

froi £naw ^ & Elwahab Hang, 
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.Aashyv ALL the fotfowing question*: 


* Hlarijy yttitr wnwr willr Jftc su&mbte skctchtf a.\ y#it ran, 

* ABBi iw titty rrajd3«_flWvr 


ffift qwiilkin (to itu r k.^ 

"Pcir a dosed-cws magnetic circuit excised nuait an nc ui^ shew? iMl this noaljmwf 


ty 


iuatl.rtr k-l=llJ.L '.AIM'.U JHMIk Ubll «!*-* iUJfJ-'LJJ, Hlttl 

dM-raeieristics of the core cause a distortion in the currem waveftMta if the IVu;-; 
wavefism is simisoida!- 


F^TitLigoidtcirciilt shownTn die ggiiiv lias » uniform depth o f jfljftm , Tw> identical enils 
of 5^ Sums carries constant cumins of 5 A <in the directum* Lnditstej in tlic figure) arc the 
source of the magnetdt'in olive f bt« which dfiws* the flux (hrou^houi the eiremt pans. Hie 
iron j«ms are assumed W have inlinhc permeability, The leakage and fringing can be 
ignored, Given Unit, the fefigfh of she semicircular ate can be cakulaied by mtiliiptyirig the 
are radius by the arc-span in radians z\s shown in the nextr 


jjjiDmw the etjuivulcfU electric circuit 
(b) Calcukuc ttettfuctewes of the air gftB 


(c) Calculate the self and mutual inducIwlOM 
of each cotl 


(d) Calculate the energy stored in the uuiendic 
field 



Using iuitaWe clarifications of. sufficient data, show Uw ^lowinff 

a) SeEar cell characteristics 

b) Wind turbine characterises 

c) Components of a photovoltaic S etierai'mg tfiM. 

d j A wind-energj'-hasctl ge nerating system 




1/2. 


w’JAr-- 


j J &iicirc tareuit hits ihrcc parts in series. The first pan has u ietigih of 10 cm and 2 cm 3 , 
oss section area and made of a magnetic material of Infinite permeability. The second part ! 
JS an t,lir & a P 2,5 cm cross section area and 4 turn length, llie third part is made of a ! 


f Fi is required u> establish flux density of 0*8 T in the air gap. Determine the dimensions of l 
' tfle permanent magnet orminimum volume. ”* 


The third gtreyfion {IQ marks) 


For a dc singly-excited translational device, 
n) Deri ve an expression for induced voltage. 

b) Define the resulted terms. 

c) Write down the uene ru liycd form for a multiply-exci ted syste m 


A doubly-excited electromechanical energy convener has satiency associated with both » 
stator and rotor. Sketch posit tun variation of all inductances, 


Good J .uck and best wishes 
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Attempt ALL thefoll owing tjucstums and problem < 


# Clarify your answer with the suitable sketches as you caw 

• Assume any m issed data reasonably 


The First Question 


\VT,ich of the following statements is cotrect? You can write down in sour ar-,>r - 

nmnr owed by either ✓ or X mark. 


1. 


For a nonlinear m agnetic system, coil inductance de^-„H. , ... . 


t _?' j ■ e duced eddy cu rrent losses, magnetic circuit is made of i> •• 

| 3 ' 1 The most effective quantity on the available mechanicaTcfu-rgs a . ' - 

i speed* 


4, 


5. 

i 

r- - 

, 7 


LL 


*■ s-nc turbine is a u md 


Pitching i s us ed t o el imin m e the effect of high field luumomc - 


Distributed winding pr ovides more sinusoidal mmi space vai 


Direction of electromagnetic torque is to decrease corneres 
Of » MWwbte magneti c syste m, co-e nergy is greaie. .Wrode^v 
Synchronous reluctance inMor h ivc no <k enciiation 


• 'A | l lcclimnccluuiical energy conversion is possible in « s.itgls evened rotutmc 

f cylindrical (no- salient) Motor and rotor 





W 


I * 1 S^lcms. ikm-A-r.. as crape Ibtce tcsidts , nb when „ fc, th ,.. . , . . 

movable puns u t%t pj the name I fluency ' 


Please 1 nr ft t H - 
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The Second <>ue>tun5 


Choose the ««m«4 .xrsvver answers t ;» the following suumer.ts. it .. r 

5^5*' l\v owvc. >o;.- ch. vs's cos r. .^sv- c - -•* 


1 I Fv * muluj»U>- v\**pl«d *\vds> lfcumaus arc both entering a: - : > r 

I C) are subtractive 

— i--* - . ~ v-ercav • . sr cel ,.i; • :■;? 


* | Urnfc-ph^c vv uixi: u'. v \ v ec ' r. a \cc . 

\ v ;\ >• :tc:e ’-o:.- .* r; • 

„ J?) 5>\\' :v • - ■ ■ -v ' with ami-direction 


C) stMienar mmf 

D) Fbii -Hint rr-rr 


f- 


fffiinrnr m m - - 

4 Renew ah’ o sources ,* c k . u c :% 

A) l nlimitcd amount ol cncrgv C j Clear: . 

Low run ning cost D) lou in::, a . : - . 


' v ■ - c 

^ .v'jVt'* vmeen coils C i d:re 

■“** coils DU direct: r. • . 


M rv 


\ o obtain higher cwtcju. >oiar ee : - me 

A) in parallel C) in series-parallel or * ~ - 

B) in series PI it h a ba tter 


Iron Josses depend on 

A) ckvtric supply froqucncs only Cl jnaof hystcres i loop of th.- nu:er . - 

iB al the of the a^ove cbouces 


B) i'm\ Icn d oni\ 


For a rcHttUnu system with a cylindrical stator and m-xc r .-r 
1 "Q)y >tator sell -indue toi tee a function or ron : ^ 




B) rotor sell -inductance is a function of roto r }>, v 


C) both stator self- inductance and mutual inductance arc tu:u . - 

D) ml irduttiito s (sv*lj ;tnd mutual 1 tire Junctions o* rotoi : 



A rotating system with ac excitation lor stator .uid dc e\caat»i»n 

A ) reluctance machine B ) s> nc hrunous mt* h me 

< \i tmiUition machine Di ,.u machine 


' - ss--,- , 






to 


1 or Uc excitation induced tm 1 is 

A) alwusc/ero Bl onts tr«mitormcr ,: t 

i i Mb »o.l u.msI.ifnierHiltdgcs D, o,»!> »pewi solug^ 


: i • 



; A ^ M ' WW,U > CVlmAical and «uu*, ctecmwcshanK*! cn« K , 

A i *>nl> »U,>r w initmg is s-wiitd. B) onl> »Wi*r wiiulmg it «* c *u . 

, , b,Hh .tiro, WM h IH,g,4lCCVrilcA _m.dllv« Mai.,.,, ;„ U>I ,,, a . ... u 

\ "~*m ->r - s- •• .. tw 

ftcaif tut* (her 
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The third Question 




I’Or a closed-core magnetic circuit excited from an ac supply, si • w ; 

rh;irfirfj k r(xdir< ivf th#* 1 ~ *1 


IIUIII 041 uc supply, A 

characteristics of the core cause a distortion in the current waveform ever, . 

sinusoidal, 


Discuss what is meant by magnetic flux leakage and fringing in the magnet . 

how to minimize them. 


For the magnetic system 
shown in figure, derive an 
expression for the induced 
voltage c 2 What is its type? 


r 



The permanent magnet in the magnetic circuit shown in Figure blow r. _A„ : 

demagnetization curve is given in the same figure. A flux density of 0 ST t re - * 

the air gap. I he air gap has the dimensions A, 2.5 cm2, and h, * 0 - » . 

tka «, M. A* 1 * f - _ 

- 


the demagnetization curve corresponds to the point at which the ,:r 
Determine the dimension of the permanent mac:,. : 


I 


Magnetic core of p, approaches infinity 

— \ — 


Pcrmuccni* 
Magnet uia.r/tal 



L 


] 



The Fourth Question 


l 


1 or a doubly-excited electromechanical energy convention de\ we at c s . . v ,, 

pole rotor: 

a) Sketch the space virialiupcd sell and mutual indue ta*Kcs 

h) I >eri%e a general expression tor the electromagnetic torque actme *.<; r e 

cj Show all the pov ihk electrical machines that can he obtained 


finny ~ 


lor a truinlatumal electro -mechanical energy conversion system, de v\ , 
do* linkage and force m terms of stored energ y and co cncrg y 


/Vi-rfu } ur u 




I* aye S of 4 


bill. 'i.li WVtK 1 MHl 




Final EXAM 201 4/20 J 5 - First Form 


Energy Conversion (1 FM210<>} 


3. 

1 rJ 

O 


A rotating electromechanical energy converter has the following current against flu- 

at two different positions 1 and 2 


4. 


Current. A 

0 

[■ . 1 

2 ! ~7~~] 

Mux linkage (Wb.Tum) at position 1 

1 lux linkage (Wb.Tum) at position 2 
tine the amount of 

0 

0 

5 

— 

15 

10 15 

, 

20 20 


WMfVl twu UUU 1 1 1 L wj KlJ 1 j v c) 1 1 

position 1 to position 2, it the current is kept constant at 3 \ 


Determine the minimum amount of current I 
j required to keep the magnetic plate at 2mm 
troin the pole lace oi an electromagnet having 
1000 turns against a force of 100 N exerted b\ 
a spring. Assume that pole face is a square ,”i 
3cm X 3cm dimension and the magneto- 
motive force requirement of the clectromacm 
and the magnetic plate are negligible m 
comparison with the air gap. 


Pole 



Spring 

force 


Magnet 

plate 


f 


The Fifth Question 


j 4 Determine the main dimensions, number ot radial vent haling duct.-, number of a 
number of turns per phase of 3.7 k\V, 400 volt, 3-pha^ 4 pC.e and 50 H. : u . - 

connected. 

Assume: Average (lux density in the gap - 0.45 Wb m\ ampere- cotul , :A > : _ 

j efficiency * 0.85, and power factor 0.84, Machine rated at 3 " k\V 4-r ^ 
competitive price mid therefore chooses the main dimensions to .iu- , . , r _v. : 

winding factor « 0.955, and stacking factor o.v 


i 


2. a) Show the MM1 space distribution in a dc-cxciled coil of* under . . . • k , 

1 1 concentrated 2) distributed in 8 slots (4 m each v,d,- 

b) Which of the two cases are preferred? Whs 

c) Show that the single-phase winding excited from ait u supply pr. ... ^e. s 

{ w ave. Then show that tins mm! can be viewed as the resultant .a :u . .. . 

opposite direction- 

■t iu. 


3 


1 f 

f 

L. , 


i sing suitable elflnfkahon.x ol sufficient data, show ih< follow -tu 
i) Solar cell char tcieristks 
fV Wind turbine char.n femltex 

v M ornptrrr* nfi «*i a photovoltaic generating system 
dt A wtrul-eraMpy ha *ed gem tilling v> stem 


i n '« *d Liiv k •»' d b* st H -X 


I Vo/, f -.wHi i Mfu M uuJ t't Vk{ ■: 
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fifth tiuestion (30 marks) 

\ 

Assuming very slow motion from a certain position to another, and with the aids of 
current- flux linkage curves, derive how to determine energy converted into mechanical 
form in an electromechanical energy converter. 

Y 

Sketch the space variation of self and mutual inductances for a doubly-exched 
electromechanical energy conversion device having salkricy in both stator and rotor. 

\ 

For a singly -excited translational dectromechanical energy converter, derive a relation for 
Ihe developed force in terms co-energy. 


For a doubly-excited electromechanical energy conversion device of cylindrical stator and 
salicm-pole rotor: 

Derive a general expression for the electromagnetic torque acting on the rotor. 

Show all possible electrical machines that can be obtained from this device. 

£ 

)A doubly-excited rotating system with salient y associated with both the stator and the 
rotor, The stator self inductance has maximum and minimum values of 0.4 H and 0.2 H 
respectively, while maximum and minimum values of the rotor self-inductance are 0.6 H 
and 0,4 H respectively. The maximum value of the mutual inductance between the two 
coils is 0.2 H, Stator and rotor winding resistances are 10-ohm and 20-ohm respectively. 
Plot as accurate as uossible the variation of Loraue against rotor angular position when 
stator and rotor windings are connected in parallel to a dc voltage source of 10-V. 



Good Luck and best wishes 
Prof. Essam Eddin M. Unshod 
Dr. Abd Elwahab Hamsun 
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X 


Fctrdc excitation, the induced emf in a moving system is 

A) always zero I B) only transformer voltage 

C) both speed and transformer voltages 


#Dj only speed voltage 


For a rotating system wiLh a non-salient stator and a cylindrical rotor: 

A) mutual inductance is NOT function of rotor position 

B) stator sol I “inductance is a function of rotor position 

C) both rotor and rotor sclf-inductan<« arc NOT functions of rotor position 
l>) ail self and mutual inductances are functions of rotor position 



For a double saltency system, the frequency of the mutual inductance variation is 
A) equal to frequency of self- inductance variation 
R) double the frequency of self-inductance variation 

C) half the frequency of self-inductance variation 

D) independent of the frequency of self-inductance variation 




Fora rotating system with a salient stator and a cylindrical rotor conilgu ration, electromechanical 
energy conversion is possible for all the following cases except for: 

A) stator is ac-excited and rotor is unexcited 
R) stator is unexcited and rotor Is ac-excited, 

C) both stator and rotor windings are excited. 

D) stator is dc -excited and rotor is ao-excited 


ncxc i t fri j aUenUotn t i s ca ll ed ^. 


A) reluctance machine 
C) induction machine 


B) synchronous machine 
D) dc machine 




c Seco nd question (10 murks) 


Which of the following statements is correct? Write down in your answer sheet ONLY the question 
number followed by either •/ or X mark. 


X 

Core losses depend on area of hysteresis loop of the magnetic material. 

A. 

For a linear magnetic system, coil inductance depend on its current 

■fc 

To reduced eddy current losses, magnetic circuit is made of isolated laminations. 


Distribution factor is used to compensate for the effect of high field harmonics 


Concentrated winding provides more sinusoidal mm f space variation 


Direction of electromagnetic torque is to increase co-energy 

X 

For a doubly-excited rotating system, it is necessary to have some salienev for possible 
electromechanical energy conversion. 

X 

For saturated magnetic systems, stored energy equals co-energy. 


During a very fast motion of a singly-excited system, current can be assumed constant. 

lb. 

Wind speed is the most effective quantity on the available mechanical energy at shaft of a wind 
turbine. 


Pie use Turn Over 
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AIL the following questions and problems: 

Clarify your answer with the suitable illustrations with complete data as you can. 
Assume any missed data reasonably * 


Yhc Fi 

Choose 


te First question ( 10 marks) 


Choose the correct answer/answers for the following statements. It is sufficient to write down 
tlie uucst ion number follow ed bv vwir chuicc/thoices in your answer sheet: 




A two-phase winding excited from a two- phase siiM|ype5 

A) □ single rotating mmf B) two rotating mmf$ with anti-direction 

C) stationary mmf D) pulsating mmf 


x 

k- 


The stored energy in magnetically coupled coils does NOT depend on 

A) coupling coefficient between coils. BJ direction of mot ion 

C) angle between coils D) direction of currents 


For mutually coupled coils, if one current is leaving its dot-marked terminal, and the other current 
is entering its dm -marked terminal, coil fluxes 

A) are additive J BJ| ijKrease ^ . 

C) are subtractive D) cancel each other 


V 

\ 

Renewable sources of energy has the advantage of 


A) low running cost 

41) low initial (capital ) cost. 


CJ cheap equipments 

D) continuous availability 


To obtain higher voltages, solar cells are connected 

A) in parallel 

B) in series 


C) in series- para del combination 

D) with a battery of higher voltage 


Please Turn Over 
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X 

X 


\Q third question (15 marks) 


Derive an expression for mutual inductance between two magnetically-coupled coils in terms of 
their self- inductances. 


For a magnetic circuit lhat contains of a pan of permanent magnet material and an air-gap, show 
how the magnet and air-gap dimensions a lleet the operating point. 


The dimensions of the shown magnet below are in centimeters. It lias a cylindrical form about a 
horizontal axis, The coil has 2000 turns and carries a dc current I of 0.5 A, The mmf of iron parts is 


neglected. 


a ), Wo* the vgriarfor} af the fat/nwinz truaniifiep with air-gap "g*‘ length for a range up to I cm 
'X Flu* densities between the working faces of the center core and the plunger 
X Coil inductance. 

V Energy stored in the magnetic field, 

g * I cm, calculate the same quantities given in a) ji' the current direction is reversed . 


X Fw * 





\c fourth question ( 25 marks) 


V 


Show the MMF space distribution a de -excited coil of uniform air gap, if the conductors arc : 
^^concentrated o%^isiributed in 10 slots {5 in each side) 

^ftQiieh of the two cases is preferr ed? 


Both analytically and graphically, show that balanced three-phase windings excited by balanced 
three-phase currents produce a single rotating MMF wave. 


•lots , rutMbcr i&iurm per phast . and 


ti Xjductur 

competed 


50-Hz 3 -phase induction motor delta 
Assume: Specific magnetic loading =0.5 Tesla, specific electric loading =30000 A/m, efficiency = 
90% and power factor ~ 0.9 * winding factor = 0,9S5 t current density = 3,5 A/mm* and the ratio of 
core length to pole pitch is 1.2. 


N Gjyc su I Tic ient notes about the following. When needed, use suitable clarifications of complete data; 


Advantages and disadvantages of renewable sources of energy 
\K Solar cell characteristics 
N Wind turbine characteristics 
oj Components of a photovoltaic generating system, 
frl A wind-enerpv-hased ranfttttfinc avtipm 
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Answer ALL the following questions: 

• Clarify your answer with the suitable sketches as you can. 

• Assume any missed data reasonably. 


The first question (5 marks) 

Choose the correct answer/answers for the following statements. It is sufficient to write down the question 
number followed by your choice/choices in your answer sheet: 

1 . 

Nonlinear magnetic characteristics leads to: 

A) distorted magnetizing current C) higher inductance 

B) higher power loss D) inducing an emf 

2. 

Two magnetically coupled coils have self inductances of Ln and L 22 . The value of the mutual 
inductance M may take a value which is: 

A) less than the smaller self inductance C) higher than the larger self inductance 

B) between values of LI 1 and L22 D) of any positive value 

3. 

For mutually coupled coils, if currents are both entering at the dot-marked terminals, coil fluxes 

A) are additive C) are subtractive 

B) increase D) cancel each other 

4. 

For dc excitation, induced emf is 

A) only speed voltage C) only transformer voltage 

B) both speed and transformer voltages D) always zero. 

5. 

A two-phase winding excited from a two-phase gives 

A) a single rotating mmf C) two rotating mmfs with anti-direction 

B) stationary mmf D) Pulsating mmf. 


The second question (5 marks) 

Which of the following statements is correct? You can write down in your answer sheet the question 
number followed by either V or X mark. 

1 . 

Core losses depend on area of hysteresis loop of the magnetic material. 

2. 

Motional (speed) voltage increases with increasing supply frequency 

3. 

Inductance of a coil increases with increase in magnetic reluctance of its core. 

4. 

For a linear magnetic system, coil inductance does not depend on its current 

5. 

Distribution factor is used to eliminate the effect of high field harmonics 


MID-TERM EXAM 2013/2014 


Energy Conversion (EPM2106) 


The third question (10 marks) 

1 . 

With the aid of BH curve of a permanent magnet material show: (2 marks) 

a) the effect of air gap length on the position of the operation point 

b) the point of maximum energy product 

2. 

Show the MMF space distribution a dc-excited coil of uniform air gap, if the conductors are : 

a) concentrated b) distributed in 8 slots (4 in each side). 

Which of the two cases are preferred? Why? (4 marks) 

3. 

Define what is meant by transformer and rotational voltages. 

(4 marks) 


The fourth question (10 marks) 


1 . 


2 . 


A 1250 KVA, 3.3 KV, 50 Hz, 300 rpm, three-phase star connected generator has 180 slots and 5 
conductors per slot having single layer winding with full pitch coils and one circuit per phase. 
Determine the specific electrical and the specific magnetic loadings if the inner diameter of 
alternator is 2.2 m and axial length is 0.5 m. (5 marks) 


The lifting magnetic system shown in figure has a square 
cross-section of 25 cm 2 . The coil has 300 turns and a 
resistance of 10 Q. The air-gap is held at 5 mm and a dc 
source of 120 V is connected to the coil. Determine: 

1. The flux density in the air gap. 

2. The energy stored in the magnetic field. 

Neglect reluctance of the magnetic core and field fringing 
in the two air-gaps 


_L 

y 

= T 


(5 marks) 


Good Luck and best wishes 
Prof. Essam Eddin M. Rashad 
Dr. Abd Elwahab hassan 
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Answer ALL the following questions: 


• Clarify your answer with the suitable sketches as you can. 

• Assume any missed data reasonably. 


The first question (10 marks) 

1 . 

For a closed-core magnetic circuit excited from an ac supply, show that the nonlinear characteristics 
of the core cause a distortion in the current waveform even if the flux waveform is sinusoidal. 

(3 mark) 

2. 

Explain the dot convention employed to determine the polarity of the mutually induced voltages. 
Then show how it can be determined experimentally. (4 mark) 

3. 

Discuss what is meant by magnetic flux leakage and fringing in the magnetic circuits; then show 
how to minimize them. (3 

mark) 


The second question (10 marks) 

1 . 

For a singly-excited rotating electromechanical energy converter, derive a relation for the developed 
torque in terms of co-energy. (3 mark) 

2. 

Using suitable clarifications of sufficient data, show the following: (4 marks) 

a) Solar cell characteristics 

b) Wind turbine characteristics 

c) Components of a photovoltaic generating system. 

d) A wind-energy-based generating system. 

3. 

For a doubly-excited electromechanical energy conversion device of cylindrical stator and rotor. 
Sketch the space variation of self and mutual inductances. (3 mark) 


The third question (10 marks) 

1 

An iron ring has a cross-section of 5 cm 2 , and a mean diameter of 30 cm. An air-gap of 0.5 mm has 

been cut across the section. The ring is wound with a coil of 300 turns through which a current of 2 
A is passed. If the total magnetic flux is 0.4 mWb, find the relative permeability of the iron. Neglect 
both magnetic leakage and fringing. (5 marks) 

2 

An electromagnet of 5 cm 2 cross section area and 1000 turns coil is used to control a relay. The 
magnet has an air gap length of g. Assume that the reluctance of the iron parts is negligible. For a 
range of g from 1 to 5 mm, it is required to develop a fixed force of 50 N. As a function of g, plot 
the required current and stored energy variations (5 

marks) 


Good Luck and best wishes 


Prof. Essam Eddin M. Rashad 
Dr. Abdelwahab hassan 
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Answer ALL the following questions: 

• Clarify your answer with the suitable sketches as you can. 
• Assume any missed data reasonably. 


The first question (10 marks) 

Which of the following statements is correct? You can write down in your answer sheet 
the question number followed by either / or X mark. 

1 . 

Inductance of a coil increases with increase in magnetic reluctance of its core. 

2. 

For a linear magnetic system, coil inductance does not depend on its current 

3. 

Motional (speed) voltage increases with increasing supply frequency 

4. 

Mutual inductance between two coils depends on their self inductances 

5. 

For linear magnetic system stored energy equals co-energy. 

6. 

Direction of electromagnetic torque is to increase inductance 

7. 

Transformer voltage depends on coil inductance variation with position. 

8. 

The mutual inductance between two magnetically coupled coils must be lower than 
the smaller self inductance of each coils 

9. 

For doubly excited rotating system, it is necessary to have some saliency for possible 
electromechanical energy conversion. 

10. 

Distributed winding provides more sinusoidal mmf space variation 


The second question (10 marks) 

1 . 

For a translational electro-mechanical energy conversion system, derive expressions 
for current, flux linkage and force in terms of stored energy and coenergy. 

2. 

The device shown in the figure is a practical form of magnet. It is cylindrical about a 
vertical axis. The coil current carries a constant of 3.0 A. if the mmf in the iron is 
neglected. 

a- Compute the flux densities, in tesla, between the working faces of the center core 
and the plunger for gaps g=0.25, 0.5, and 1.25 cm. 

b- Compute the corresponding values of the coil inductance, in henries. 

c- Compute the energy stored in the magnetic field for each value of the air gap. 




The third question (10 marks) 


1 

Show that the single-phase winding excited from an AC supply produces a pulsating 
MMF wave. Then show that this mmf can be viewed as the resultant of two rotating 
mmfs in opposite directions. 

2 

A doubly-excited rotating system with saliency associated with both the stator and 
the rotor. The stator self inductance has maximum and minimum values of 0.4 H and 
0.2 H respectively, while maximum and minimum values of the rotor self inductance 
are 0.6 H and 0.4 H respectively. The maximum value of the mutual inductance 
between the two coils is 0.2 H. Find an expression for the torque acting on the rotor 
as a function of the angular position when stator current is 1 A and rotor current is 
0.5 A. Sketch the variation of torque against rotor angular position. 


The fourth question (10 marks) 


1 Derive a general expression for the electromagnetic torque acting on the rotor of an AC 
single-excited device. The device has a cylindrical stator and rotor. 



Good Luck and best wishes 
Prof. Essam Eddin M. Rashad 
Dr. Abdelwahab Hassan 
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Answer ALL the following questions: 


• Clarify your answer with the suitable sketches as you can. 

• Assume any missed data reasonably. 


The first question (6 marks) 

Which of the following statements is correct? You can write down in your answer sheet the 
question number followed by either / or X mark. 

1 . 

Inductance of a coil increases with increase in magnetic reluctance of its core. 

2. 

For a linear magnetic system, coil inductance does not depend on its current 

3. 

Mutual inductance between two coils depends on their self inductances 

4. 

For linear magnetic system stored energy equals co-energy. 

5. 

Direction of electromagnetic torque is to increase inductance 

6. 

Transformer voltage depends on coil inductance variation with position. 

The second question (12 marks) 

1 . 

For a singly-excited rotating electromechanical energy converter, derive a relation for the developed 
torque in terms of co-energy. 

(3 mark) 

2. 

Derive a general expression for the electromagnetic torque acting on the rotor of an AC doubly- 
excited device. The device has a cylindrical stator and a salient-pole rotor. Then show how this 
device can be used as a synchronous machine. 

(6 mark) 


With the aid of BH curve of a permanent magnet material show: (3 marks) 

a) the effect of air gap length on the position of the operation point 
b) the point of maximum energy product 

The third question (7 marks) 


An iron ring has a cross-section of 5 cm2, and a mean diameter of 30 cm. An air-gap of 0.5 mm has 
been cut across the section. The ring is wound with a coil of 300 turns through which a current of 2 
A is passed. If the total magnetic flux is 0.4 mWb, find the relative permeability of the iron. Neglect 
both magnetic leakage and fringing. 

(3 marks) 


An electromagnet of 5 cm2 cross section area and 1000 turns coil is used to control a relay. The 
magnet has an air gap length of g. Assume that the reluctance of the iron parts is negligible. For a 
range of g from 1 to 5 mm, it is required to develop a fixed force of 50 N. As a function of g, plot 
the required current and stored energy variations 

(4 marks) 


Good Luck and best wishes Prof. Essam Eddin M. Rashad 
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An swer ALL the following questions: 


• Clarify your answer with the suitable sketches as you cun. 
' Assume any missed data reasonably. 





1- Choose the correct answer/answers for the following statements. It is sufficient to write 
down the qu estion number followed by your choice/choiccs in your answer sheet 


Higher magnetic permeability leads to re » 
A}5 higher inductance 
i]) more tlux leakage 




/ ** \ 
L ~ T 


C) lower inductance 
^pjjjfower iron Ibises 


Iron losses depend on 

A) electric supply frequency only 
B)area of hysteresis loop ot the material only 


tl flux level only 


© all the of the above choice: 


Compared with magnetic materials, permanent magnetic m aterial bit *- values rt 


A) magnetic field intensity Oil 


n f ii^im it ii VI I > 1 4 v 

m re lative permeability (p, ) 


Tj fiu.\ density (Bt 
f>> current 


. i. 


Mutual inductance between two coils increases with increase vd 
4 1 A) angle between their axes C > distance between them 

Bit he ir current s none of the akw e ckato 

For mutually coupled coils, it currents arc both entering at the dot-marked tcnnsnaU. cod 

fluxes 

Xa/ are additive O are subtractive 

B;- increase I >) cancel each other 

2- With the aid of BH curve of a permanent magnet material show: 


a) the effect ol air gap length on the position of the ope mt ton point 

b) the point of maximum energy product 

jyrn ~ri>y fn - »- * 4 ^ * f vW*« s v * 1 iqk < ifhjgH *■ » - a** ^ -• 

j l he second question 

fhe core of the magnetic device as shown in figure is nude ot cast-iron and it is s\ minetricat 

J I ■ * 

both k it ami right arms Find the current / that needed to esutbltsh tluv ol SCi pvtb at the neht t 
j arm of the core l. b l v t c a 4cm. I v Q.5cm. U Vm and cron sect Kin area of 5 cm' 




*•> 




:■ 




The material having magnetic characteristics given by the following table 


"(1) 

rrT~ m ~\ 

0.1 

1.4 1 

0.3 

0.4 

To.S 1 0.6 16.7 I O K 

H(AIVni) 

m > • '-«CW<iiu iinu i ninip i am- 

300 

. i | 

500 ’ 

750 

j 050 

1 IMP 1 3600 1 5000 i 10000 


*■ %*v 






£W C - 


Kf 




/ 




0 Sc. 







i 

^Ajr\r^ *** 



<4- <5, 




The third question 

3 ===== 



1 For a singly-excited translational electromechanical energy convener, derive a relation for 
the developed torque in terms of stored energy . 


f 

■vv 


4 


With the aids of current- flux linkage curves, derive how to determine energy converted into 
mechanical motion from a certain position to another. 


The third q uestion 


i 


A rotating electromagnetic system has a salient) in both stator and rxKor I he rotor has no 
winding. The inductance varies sinusoidal!) with rou*r position 0. Itw inductance is maximum 


at 0-*zcro. The stator current is AC of a peak of I* and an angular frequency of ca At steady - 

state, 0 = w lft l * 6 where io m is rotor angular speed and t is time, 

a) Sketch inductance against position variation. 

b) Develop an expression for instantaneous torque acting on the rohv ® 

c) i ind the condition tor non-zero average torque and the torrv\(M>ntt$m$ «trru jpe torque as a | 

function ot o. 


1 




IMHK 


Good Luck and best wishes Prof. Lionm l tUUn At. Kudia dfwrf IV AM j f-iiW^ffassa 
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T_‘hefirsl question (5^ 


q^oi'nuSfolW^ST'"" f"- 01 ' ?"°* ins 5 ’ J ' cmanu - " " •’Bleian 10 write dm. the 
_ !___*** ****** cUfeicfr/chotcea in your answer sheet: 


1 mcar tnag3Kttic.chaFacicrisli.es krods tev 

A> distorted magnetizing wirent C) hither inductance 

Hih.^owerj™, . D ^g Iwto—t 

fluxeT^ ' C<> ' jp td ct " 15, 11 curr,:rl ' s Jtl ; toll' oiuerinj; ..1 the dot-marked terminals, oil 

A) cancel each other C) wewbuwtive 

jlljtre additive 


-I 


L 


Hvc stored energy in magnetically coupled foESi daw ^ depend on 
A) Coupling coefficient between coils Q an etc between coils 

n ^^hts _ D> direction of moQ*t 

TS> obtain higher voltages, solar cells arc connected 

jA) in parallel C) with a bauety of higher voltage 

KB) in senes i^r *1 let combination 

I or a singly-(k -excited clc^lrotr«han:c • vvstcm, very slow motion means approximate iv 
A wrM Hu* linkage operation C ) eonattmt currem operatic 

j B) eonslanI mmf operation I» constant flux ^ 


otid question (5 r: - — ^ — s 

Which of ihe Eel lowing statements is correct You can ivme down in ™ ■_ 

question number followed by either \ or X mark 1 - sheet the 

t, p r . I Cera tosses depend on area of hyslereis loop of t| lc roMlnt1i< . , 


m „ -g 0 " ^ de P eild °" ^ ° f liysK reis loop of the n.^,c ^ mai :,: ial 

2. Tu reduced edd;. 

y£j. tnduflance of a cotl inc reases with decrease in magn etic reluctance pHis core? y 


4. 


* pr a rinear magnetic Jyalem. coil inductance does not depend on ib current 
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